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Dual-Pore Glass Chips for Single-Channel Recording
Brandon R. Bruhn, Michael Mayer.
University of Michigan, Ann Arbor, MI, USA.
Despite the widespread use of high-throughput planar patch-clamp instruments,
the conventional pipette-based technique remains the method of choice for re-
cording single-channel activity. Generally, planar platforms are not well suited
for single-channel studies due to excess noise resulting from low seal resis-
tances and the use of substrates with poor dielectric properties. Since these
platforms typically use the same pore to position a cell by suction and establish
a seal, biological debris from the cell suspension can contaminate the pore
surface prior to seal formation, thereby reducing the seal resistance. Here,
femtosecond laser ablation is used to fabricate dual-pore glass chips for use
in low-noise, single-channel recordings that circumvent this problem. One
pore positions a cell by suction while another nearby pore, the recording
pore, avoids contamination by maintain-
ing positive pressure until a cell is posi-
tioned and then establishes a seal. Taking
advantage of the high seal resistances
and low capacitive and dielectric noise re-
alized using glass substrates, patch-clamp
experiments with these dual-pore chips
consistently achieved high seal resistances
(>10 GU), maintained gigaseals for pro-
longed durations (up to 6 hrs), and enabled
single-channel recordings in cell-attached
mode that are comparable to those ob-
tained by conventional patch-clamp.3458-Pos Board B613
The Effect of Aperture Size on Gigaseal Formation
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Mahmoud Chizari3, Guillaume Charras1, Kyle Jiang2.
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Patch clamping, the gold standard for ion channel studies, is entirely dependent
on formation of a high resistance seal between cell membrane and patching site,
known as gigaseal. As this process is laborious and time consuming, there have
been many attempts to develop automated high throughput chip-based patch
clamping devices. In spite of recent advances, these devices still cannot form
gigaseals relying instead on less tight MU seals that impede their ability to mea-
sure the pA ionic currents passing through single ion channels. Progress is pres-
ently limited due to a lack of understanding of the physical and chemical
mechanisms underlying gigaseal formation. In all forms of patch clamping ac-
cess to the cell is achieved via a small aperture. Here, we systematically exam-
ine the influence of aperture size, micropipette rim morphology, and surface
roughness on gigaseal formation in conventional patch clamping using mi-
cro/nanofabrication and modelling techniques. Our results show that smaller
aperture sizes lead to improved seal formation within a range of x-y. For aper-
ture sizes out of this range, either bigger or smaller, gigaseal formation is very
difficult if not impossible. While in the literature the surface quality of patching
sites is only described by average surface roughness, this research reveals that
parameters such as: developed interfacial area ratio, valley void volume of the
surface, ratio of core void volume to core material volume, and maximum peak
to valley distance play more important roles in seal formation. Furthermore,
these parameters are size dependent; as a result glass micropipettes with
smaller aperture sizes are flatter and have lower water retention ability resulting
in better seals. Results of this work support the practical knowledge that pi-
pettes having smaller apertures form better seals.
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Molecular Nanotweezers; True Nano-Manipulation of Macromolecules
and Other Bioparticles
Robert Hart, Bernardo Cordovez, David Erickson.
Optofluidics, Philadelphia, PA, USA.
The Molecular NanoTweezer is a new system capable of optically trapping the
smallest objects yet including individual proteins, quantum dots, lambda DNA,
polystyrene microspheres and viruses. The key to this technology is in produc-
ing incredibly small ‘‘spots’’ of light (using near field photonics) which reach
out and grab nearby particles like a tractor beam. Till now, the only direct way
of altering or manipulating these objects was with chemistry. Traditional
optical tweezers are unable to stably trap bioparticles smaller than 100 nm incharacteristic size due to the diffraction limit of light. Optofluidics’ Molecular
NanoTweezer technology is able to bypass this limitation by exploiting near
field optical forces in custom photonic chips. In this talk, we will discuss the
current achievements of the Molecular NanoTweezer, as well as present a brief
overview of its envisioned future applications. These future applications in-
clude (1) localizing individual proteins in
3D space for single molecule researchers,
(2) nanoparticle size measurements and
the ability to do label-free size-based as-
says, (3) producing custom-made protein
agglomerates to be used as ultra-high bind-
ing capacity beads and (4) straight-forward
single particle AFM tip functionalization.3460-Pos Board B615
Membrane Disruption by Silica Nanospheres is Modulated by Surface
Chemistry and Biocoating
Hend I. Alkhammash, Nan Li, Shuangfan Yang, Maurits R. de Planque.
University of Southampton, Southampton, United Kingdom.
Silica nanospheres are promising candidates for targeted drug delivery applica-
tions because mesoporous spheres loaded with small-molecule drugs can
release their cargo under specific in-vivo conditions. However, intravenously
introduced nanoparticles, as well as nanomaterials that have been inadvertently
inhaled or ingested, may cause adverse health effects. The potential toxicity of
nanoparticles is typically investigated by establishing the viability of cultured
cells in the presence of nanoparticles. A common cytotoxicity assay is the
lactate dehydrogenase leakage test, which indicates cell membrane damage.
Although some systematic cytotoxicity studies show evidence for structure-
effect correlations (e.g. positively charged particles tend to reduce viability),
cytotoxic mechanisms remain elusive, also because particles in biological solu-
tions tend to acquire a protein corona which changes their effective size and
surface charge.
To gain insight into direct nanoparticle-membrane interactions, we have mea-
sured the release of a fluorescent dye from unilamellar liposomes following
exposure to silica nanospheres with different diameters and various surface
functionalizations. For those particles that perturb membrane structure, as
quantified by the intensity of the released dye, effects are dose dependent. Sig-
nificant differences were found for silica nanospheres of 50, 200 and 500 nm
nominal diameter. The extent of membrane perturbation is strongly modulated
by the nanosphere surface chemistry, particularly for the smallest particles,
which is surprising because our zeta potential characterization suggests that
the surface density of functionalized groups (amine or carboxyl) is relatively
low. Varying the lipid composition of the liposomes or coating the nanopar-
ticles with biomolecules markedly affects membrane leakage as well.
These well-defined systems reveal an interesting interplay between model
membranes and nanospheres and highlight the importance of performing nano-
toxicology assays in biological solution rather than buffer or cell culture
medium.
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Characterization of a Protein Nanoparticle, Bsanano and its Interaction
With-Emodin
Macarena Siri, A Lis Femia, Nadia S. Chiaramoni,
M. Julieta Fernandez Ruocco, Silvia L. Soto Espinosa, G. Casajus,
Mariano Grasselli, Silvia del V. Alonso.
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Cell suspension and invasion is a crucial step in the metastatic cascade of can-
cer cells, and interruption of this step is considered to be a logical strategy for
prevention and treatment of tumor metastasis. Emodin is the major active
component of the rhizome of Rheum palmatum L., with known anticancer
activities. Herein the effects of a plant anthraquinone: emodı´n, bound to
a BSA nanoparticle formed by g-irradiated BSA molecules was obtained in
order to produce a new possible antimetastasic drug.
BSA nanoparticles (BSAn) and Emodin, as BSAn:Emodı´n bioconjugate char-
acteristics and binding activity was examined by spectroscopy and release
kinetics assays. BSAn:Emodin was characterized by column chromatography,
light scattering, UV-Vis, FTIR, and electron microscopy (TEM). Interaction
between BSAn and Emodin was analysed by docking-release technology
BSAn and Emodin binding characteristics were determined by different bio-
physical methods. Binding release is slower and longer controlled release
than molecular BSA:Emodin complex. Being the BSA:Emodin release a two
way process, and the bioconjugate a one way process.
FTIR measurements indicate an increase in the a-helical content of the protein
and a change in the environment of the tryptophan residues that bury in the
interior of the biomolecule. This variation on the secondary structure could
674a Wednesday, February 6, 2013have further influence in the binding of the drug to form transport and regu-
latory complexes. Our findings point out that BSAn has more potency than
BSA agent in delivering anticancer drug emodin.
Keywords: BSA, BSAn nanopolymer, Irradiation Synthesis, Emodin, bioconju-
gate BSAn/Emodin, FTIR, secondary structure, control release, BSAn binding
sites, two steps release.
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Interaction of Photochromic Nucleotide Analogue with Nucleotide
Required Bio-Molecular Machines
Takeshi Itaba, Shinsaku Maruta.
Soka University, Tokyo, Japan.
Previously, we have synthesized photochromic ATP analogue
Phenylazobenzoyl-iminoethyl-Tri-Phosphate (PABITP) that change its struc-
ture reversibly by light irradiation in order to photo-regulate the function of
myosin II. PABITP was hydrolyzed by skeletal muscle myosin and induced
dissociation of acto-myosin. X-ray small angle solution scattering analysis of
myosin interacting with PABITP showed that the radius of gyration values
of S1PABITP(trans) and S1PABITP(cis) are identical to those of S1ATP
and S1ADP respectively. The results suggested that the photo-isomerization
of the PABITP induce conformational change of myosin head, which may re-
flect energy transduction. In this study, we examined the possible application of
PABITP as a nucleotide analogue to other nucleotide required bio-molecular
machines, smooth muscle myosin, myosin V, conventional kinesin, Kif18A,
Eg5, tubulin and small G-protein Ras. PABITP was hydrolyzed by these kine-
sin and myosin ATPase. PABITP induced microtubule gliding on conventional
kinesin but not induced actin gliding on skeletal muscle myosin. PABITP
induced polymerization of tubulin to microtubules. We also examined the
effect of reversible photo-isomerization of PABITP for Ras and actin.
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Effect of Concentration on Heating Efficiency of Magnetic Nanoparticles
for Application in Magnetic Hyperthermia
Alison E. Deatsch, Benjamin A. Evans.
Elon University, Elon, NC, USA.
Magnetic hyperthermia offers new potential for treatment of cancerous tumors.
In this therapy, a biocompatible magnetic material is localized inside the body,
then heated in vivo upon exposure to a high-frequency magnetic field. The re-
sulting thermal energy ablates tumor cells with minimal damage to surrounding
tissue. Iron oxide nanoparticles have been widely studied as a material for
magnetic hyperthermia applications. The goal of many of these studies is to op-
timize the heating efficiency of an ensemble of magnetic nanoparticles. Heating
efficiency is quantified in terms of the power absorbed per unit mass (specific
absorption rate, SAR), and is in general very sensitive to many parameters in-
cluding both the physical and magnetic properties of the particles. However,
optimizing the properties of the individual particles is not the only consider-
ation for hyperthermia; recently, an emphasis has been placed on the role of
collective behavior in determining SAR. In particular, when particles become
concentrated, inter-particle interactions can have a significant effect on heating
efficiency. However, studies which examine the effect of particle concentra-
tion on SAR vary widely in their conclusions. This is likely due to the con-
founding effects of aggregation and agglomeration which generally increase
with concentration.
We use a novel magnetic-nanoparticle/silicone composite material to isolate
the effect of concentration on SAR. The material is homogenous at the
nanoscale, and can be produced with nanoparticle concentrations varying
smoothly from 0-50% wt. (0-17% v.) without any particle aggregation or
agglomeration. We calculate SAR for each sample using calorimetric tech-
niques and determine SAR as a function of magnetic nanoparticle concentra-
tion. This data contributes to a fundamental understanding of concentration
effects on heating efficiency, ultimately leading to better materials for mag-
netic hyperthermia.
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Intrinsic Electromagnetic Noise from Cortical Neurons and its
Measurement Ex Vivo
Masroor H. Bukhari.
Department of Physics, University of Karachi, Karachi, Pakistan.
An overview of measurements of intrinsic electromagnetic noise from rat cor-
tical neurons ex vivo is reported here. A series of experiments was conceived
around a modified Kerr brain chamber setup with a special vector microelec-
trode array to measure electromagnetic noise intrinsic to living cells, beyond
the Johnson noise limit. Cortical cell sections (mainly neurons) from Wistar
rats were obtained and kept in specially developed brain chambers wherein
recordings were made under physiological conditions. There were spectra of
conspicuous electromagnetic noise measured from living cells distinguishablefrom Johnson and 1/f noise and from the noise measured from dead cells or
medium alone. An exhaustive overview of the experiments and the suggested
technique, involving measurements reported here, is presented. A preliminary
model is outlined to explain this noise and its origin as well as possible under-
lying connections with neuronal physiology, especially with intercellular
calcium ion flux and waves. This study may have some significance as it
may provide possibility of electromagnetic mechanisms playing possible roles
in higher functions of the cerebral cortex. In addition, the technique offers
promise as a useful new biophysical method in analysis of electromagnetic
signals from living cells in vitro or ex vivo.
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Real-Time Imaging of SPION Modified Stem Cells
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Superparamagnetic Iron Oxide Nanoparticles (SPION) are used as an MRI
contrast agent for imaging SPION-loaded stem cells in biomedical applica-
tions. SPION-labeled stem cells are monitored during the recovery period fol-
lowing transplantation. However, SPION interference within cells has not
been clarified to date. We constructed and characterized maghemite nanopar-
ticles, which are biocompatible for a variety of biomedical applications such
as MRI contrast agents, fluorescent agents and as magnetic drug delivery car-
riers. We tested novel SPIO-nanoparticles including a variety of labeling
methods suitable for the characterization of cellular behavior. In parallel,
we developed an innovative protocol to conjugate antibodies with nanopar-
ticles (AB-nanoparticles) to monitor specific antigen - receptor of desired
cells. We quantified SPIO-nanoparticle uptake into cells, cell viability, prolif-
eration and morphology. using our developed protocols, we are able to visu-
alize real-time SPION movement during cell division, redistribution and
frequency of cell mitosis. We observed initial endosome formation and the
fate of nanoparticles entrapped in endo-
somes under field emission scanning elec-
tron microscopy (FESEM).
Key words: stem cells, SPIO, labeling,
FESEM, real-time imaging, antibody-
conjugated nanoparticles
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Microfluidic Dielectric Spectroscopy of Costal Cartilage Chondrocytes
Ahmet Can Sabuncu1,2, Michael W. Stacey2, Ali Beskok2.
1Istanbul Technical University, Istanbul, Turkey, 2Old Dominion University,
Norfolk, VA, USA.
Dielectric spectroscopy allows non-invasive probing of biological cells. Infor-
mation on the cell membrane, cytoplasm, and nucleus can be obtained by
dielectric spectroscopy provided that appropriate experimental and numerical
tools are used in specific frequency ranges. The focus of this study is to
identify bioelectrical characteristics of human costal cartilage cells using a
microfluidic device for dielectric spectroscopy. An in house computer pro-
gram is developed to extract dielectric properties of biological cells from
raw cell suspension impedance data. The algorithm utilizes Maxwell-
Wagner mixture and double shell models to extract single cell dielectric
spectrum and cellular dielectric parameters, respectively. The dielectric
parameters of human costal chondrocytes are compared with melanoma, leu-
kemia, and electrically excitable cardiomyoblast cells in order to compara-
tively assess the electrical nature of chondrocytes. The results suggest that
electrical cell membrane characteristics of chondrocyte cells are closer to car-
diomyoblast cells than melanoma or leukemia cells. In addition, blocking
effects of Gadolinium is tested on chondrocyte, myoblast, and melanoma
cells. The significant decreases in cell membrane conductance and capacitance
values after treatment with Gadolinium are linked with ion channels activity
on chondrocyte cell membranes.
